Objective: Admissions to acute care hospitals represent a significant portion of healthcare utilization. Little is known regarding hospitalization in the first postpartum year beyond the traditional 6 weeks of the puerperium. We sought to investigate whether there are identifiable risk factors for hospital readmission during this time period. Study Design: We conducted a retrospective population-based study using all California birth records between 1999 and 2003. These records were linked with hospital discharge data for all admissions to California hospitals in the first 365 days after delivery. For women with a first birth during the study period, we assessed the likelihood of readmission to an acute care hospital between 42 and 365 days post-delivery. Univariate and multivariable logistic regression were used to determine risk factors for these "late postpartum" admissions. Results: Of 951,570 maternal birth admissions during the time period, 15,727 (1.7%) women were admitted in the late postpartum period. Women with an early postpartum readmission, antepartum admission, extremes of maternal age, black race, diabetes, hypertension, early preterm delivery and cesarean delivery had higher rates of late postpartum readmission. Of women with an antepartum admission for gestational diabetes or pre-existing diabetes, 6.6% and 18.5% of these women experienced a late postpartum admission for a diabetes-related diagnosis. Conclusion: Hospital readmission rates in the first year postpartum, remote from delivery, are significant. Women are at a higher risk of requiring hospital admission in the first year postpartum with select demographics and pregnancy-related diagnoses.
Introduction
Pregnancy and the postpartum period may be viewed as a "window of opportunity" for women's health and health care [1] . Pregnancy complications such as preterm birth, gestational diabetes and preeclampsia have been associated with chronic diseases later in life requiring hospitalization and higher utilization of health care resources [2] - [4] . At the same time, for many women, pregnancies represent times of increased access to and interaction with the health care system. Having the ability to assess women's health status during pregnancy and the puerperium may contribute to improved care and outcomes beyond the immediate reproductive period. While other studies have found the likelihood of immediate postpartum readmissions to be 1% -2%, [5] - [7] there are little data on hospital readmissions after the traditional postpartum period from 42 -365 days postpartum. It is unknown whether there are any identifiable risk factors during pregnancy and the immediate puerperium that are associated with hospital admission in the first postpartum year.
Prior studies on immediate postpartum readmissions and readmissions up to 6 months following delivery have focused primarily on the route of delivery as well as the diagnosis on admission requiring hospitalization [7] [8] . These studies have been limited in their assessment of obstetrical or demographic risk factors or whether antepartum, early postpartum readmission or the duration of any of these admissions correlates with hospitalization up to 1 year postpartum.
Hospital readmissions have significant economic implications and may account for up to 20% of all health care costs [9] . As pregnancy and the puerperium have previously been associated with a woman's future health [2] - [4] , we hypothesized that an antepartum admission and any readmission during the puerperium would increase the risk for hospital readmission up to one year postpartum. We sought to determine the proportion and characteristics of women requiring hospital admission after the traditional postpartum period and up to one year after delivery, with particular interest in obstetrical risk factors.
Materials and Methods
We conducted a retrospective population-based study. Data from vital statistics records for all births in California between 1999 and 2005 are linked with hospital discharge data for all California hospital admissions from conception to 365 days after delivery by the California Office of Statewide Health Planning and Development. Hospital discharge data include summaries of abstracted discharge diagnoses and procedures. Women are assigned a unique identifier that allows for linkages across all births to the same woman within the state of California. The linkage process used to create the merged file is described elsewhere, with 99% accuracy of data linkage [10] . Our analyses are restricted to women with a first birth between 1999 and 2003. We defined the "late postpartum period" as the time between 42 and 365 days post-delivery and the "early postpartum period" as the time between delivery and 41 days after delivery.
We calculated the proportion of women readmitted to an acute care hospital in California during this late postpartum period and used univariate and multivariable logistic regression to determine risk factors for these admissions. We also determined the primary indications for late postpartum readmissions, as coded at the time of admission. Our primary outcome was the incidence of late postpartum readmission. We assessed the association of the following maternal factors with the primary outcome: length of stay during the birth admission and a late postpartum admission, maternal age, the month prenatal care began, gestational age at delivery, antepartum admission, an immediate postpartum readmission, maternal education, private insurance, mode of delivery, twin gestation, year of delivery, type of hospital, and the presence of: placenta previa, preterm labor, pregnancy-related hypertension, diabetes mellitus, gestational diabetes, other pregnancy complications, postpartum hemorrhage, anesthesia complications, major puerperal sepsis, hysterectomy, ethnicity, rural county, geographic location within California (northern vs.southern county).
As a secondary analysis, we used univariate and multivariate logistic regression to establish whether an antepartum diagnosis of gestational diabetes, pre-existing diabetes, gestational hypertension or pre-existing hyper-tension was associated with a late postpartum readmission for either a related diagnosis or was associated with any indication for a late postpartum readmission. Analyses were performed using the SAS v9.2 statistical package (Cary, NC). Institutional approval was granted by the Massachusetts General Hospital Institutional Review Board and the California Health and Human Services Agency's Committee for the Protection of Human Subjects.
Results
There were 2,603,948 birth admissions during the study period; of these, 951,570 were first births and were included in analyses for this study. Of these primiparous women, 15,727 (1.7%) were admitted 42 -365 days postpartum. There were 69,744 (7.3%) women admitted during the antepartum period and 10,088 (1.1%) women admitted during the first 41 days postpartum. Further descriptive statistics are displayed in Table 1 . The most common primary indications for late postpartum readmissions were biliary disease (23.7%), appendicitis (5.7%), other pregnancy complications (5.5%), pancreatitis (4.7%) and mood disorders (4.6%). The mean length of stay for any late postpartum admission was 4.0 + 8.1 days.
The following risk factors were associated with an increased risk for late postpartum readmission: maternal age >40 years old and <20 years old, black race, diagnosis of diabetes or gestational diabetes, preterm delivery at <28 weeks gestation, cesarean delivery, antepartum admission and readmission during the first 41 days postpartum. Univariate and multivariate regression results are displayed in Table 2 .
Given that antepartum admission was positively associated with late postpartum admission, we further evaluated the specific indication for antepartum hospitalization and subsequent late postpartum hospitalization. Antepartum admission for gestational diabetes increased the risk for subsequent late postpartum diabetes-related admission; 6.6% of these women were admitted during the late postpartum period for a diabetes related admission. Similarly, antepartum admission for pre-existing diabetes increased the likelihood of late postpartum admission for diabetes complications with 18.5% of these women admitted during the late postpartum period. Women admitted antepartum for pre-existing chronic hypertension had a statistically significant increased risk for late postpartum admission for hypertension-related complications although the incidence remained low at 0.3%.
Comment
The first postpartum year is an important time period as health concerns uncovered during pregnancy may further manifest in the late postpartum period. Much work in the obstetrical literature [5] - [8] has focused on events immediately following delivery, whether during the initial postpartum hospitalization or rehospitalization during the early postpartum period. There are few known predictors of admission during the late postpartum period and whether there are any associations between such admissions and pregnancy-related health. Our results indicate that antepartum admission, admission during the early postpartum period and other factors such as extremes of maternal age, black race, pre-existing and gestational diabetes, gestational and pre-existing hypertension, preterm labor and delivery and cesarean delivery are risk factors that increase the likelihood of hospitalization between 42 -365 days postpartum.
Our study provides novel insight regarding the risk of recurrent hospitalization up to a year after delivery following antepartum hospitalization for diabetes or hypertension-related diagnoses. Women requiring antepartum admission for management of gestational or pre-existing diabetes had significantly higher likelihood of recurrent diabetes-related admission in the first year postpartum with up to one-fifth of women admitted for diabetes with a recurrent hospitalization up to one year postpartum.
Prior studies have documented increased risks for hospitalization up to 60 days postpartum among women delivered by cesarean and those with histories of psychiatric disorders, hypertensive disorders, major puerperal infection and postpartum hemorrhage [5] - [8] [11]- [13] . However, few studies [14] have examined the risk of admission more remote from delivery. Our study provides novel insight into a select, under-studied population of women admitted within the first postpartum year but after the traditional puerperium when obstetrical deliveryrelated complications in the first six weeks may influence admission. Although we do not have data on hospital admission for this select group of women beyond one year postpartum, we theorize that these women may have comorbidities that increase the risk of recurrent hospitalizations and may be appropriate targets for closer outpatient follow-up.
Similar to other studies [6] [8], we found that the leading cause of readmission in the late postpartum period was biliary disease. Biliary disease has been found to be a major cause of postpartum non-obstetrical hospitalization with up to 0.5% of all women affected by biliary disease up to 1 year postpartum [14] . In this study, risk factors for postpartum biliary disease included obesity and ethnicity [14] ; the authors demonstrated a strong association with antepartum diabetes on univariate analysis which became non-statistically significant after adjustment for obesity. We did not have maternal body mass index available for analysis; while obesity likely contributes to late postpartum readmissions for biliary disease, it is unlikely to be the sole independent predictor.
The strengths of this study are the large size of the dataset and hospitalization records linked with birth records, permitting analyses of obstetrical risk factors with readmissions up to one year postpartum at any statewide hospital. While it is possible that some birth mothers may have moved out of state within the first year after birth and are therefore missing from our cohort, we anticipate this would be a small proportion of the population and assume there would be little differential in the prevalence of our predictors and outcome between women who left or stayed within California. We posit that the results are generalizable to other diverse postpartum populations. There are limitations of this study. Our results rely on administrative claims, and not on data specifically collected for research purposes. As such, some data elements may be missing and others misclassified. We do not have reason to believe that these data events would occur differentially, and thus consider them unlikely to affect the underlying validity of the associations we report. Additionally, the limitations of administrative claims may not adequately reflect clinical nuances of select diagnoses. Inasmuch as this was a retrospective analysis that may be subject to residual confounding effects (for example, by obesity, an unmeasured variable), we are unable to infer causality between pregnancy-related factors and late postpartum readmission; however, this was not our intent. The ability to identify risk factors associated with readmission may prove valuable to providers who care for women in the postpartum/interconception period.
An appropriate spotlight has been placed on reducing health care costs. Our data demonstrate that women with select demographic risk factors have a higher risk of hospitalization up to 1 year after delivery. Specifically, women with an antepartum admission for gestational or pre-gestational diabetes are significantly more likely to experience a recurrent hospitalization for a diabetes related indication within a year postpartum. Pregnancy and the puerperium have been referred to as the "window into a woman's future health"; [1] this association has held true for conditions such as preeclampsia and gestational diabetes [2] - [4] and early intervention for many chronic diseases has been advocated in the postpartum period. Our data indicate there are select risk factors for a late postpartum hospitalization; these associations warrant further research on whether targeted care may be impactful on reducing these admissions in the first year postpartum.
